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Oseltamivir Treatment of Influenza in Children
Timothy M. Uyeki
Influenza Division, National Center for Immunization and Respiratory Diseases, Centers for 
Disease Control and Prevention, Atlanta, Georgia
Annual seasonal influenza epidemics cause substantial disease burden among children 
worldwide [1–4]. In the United States, influenza disease burden among children is highest in 
those aged < 5 years, with the highest hospitalization rates typically in young infants [5–8]. 
Children with chronic medical conditions are at increased risk for complications, although 
hospitalizations and influenza-associated deaths also occur in previously healthy children, 
highlighting a need for improved prevention and control efforts [9, 10].
In late 2000, the neuraminidase inhibitor (NAI) oseltamivir was approved by the Food and 
Drug Administration (FDA) for antiviral treatment of uncomplicated influenza within 2 days 
of illness onset in children aged ≥1 year in the United States. In late 2012, the FDA 
approved oseltamivir for treatment of influenza within 2 days of illness onset in children 
aged ≥14 days. Oseltamivir is available as the prodrug oseltamivir phosphate and converted 
by the liver to the active metabolite oseltamivir carboxylate. The mechanism of action of 
oseltamivir carboxylate and other NAIs is to interfere with the release of influenza viral 
particles from infected host cells by binding to influenza viral neuraminidase, resulting in 
reduced spread of influenza viruses in the respiratory tract [11]. There has been ongoing 
debate about interpretation of the evidence base for oseltamivir as reported in randomized 
placebo-controlled trials and observational studies [12–16].
In this issue, Malosh et al. report the findings of a meta-analysis of 5 randomized placebo-
controlled trials (RCTs) of early oseltamivir treatment (initiated within 2 days of illness 
onset) of influenza-like-illness (ILI) and uncomplicated influenza in pediatric outpatients 
[17]. Three included RCTs enrolled otherwise healthy children and those with chronic 
conditions, and 2 RCTs were conducted among children with asthma. The primary endpoint 
assessed was illness duration. In 3 RCTs, illness resolution was defined as time from starting 
treatment to the following for at least 24 hours: returning to normal activities without fever, 
cough, or rhinitis or only with mild symptoms; and in 2 RCTs, illness duration was defined 
as time from starting treatment to resolution of symptoms or of major signs and symptoms. 
In children with laboratory-confirmed influenza (intention-to-treat-infected [ITTi]), early 
oseltamivir treatment significantly reduced illness duration by 17.6 hours versus placebo. In 
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a stratified analysis of the ITTi population comprised of asthmatic children in 2 studies, 
there was no benefit of oseltamivir treatment. For the 3 RCTs not restricted to asthmatic 
children, oseltamivir treatment significantly reduced illness duration by 29.9 hours. In a 
pooled analysis of the ITTi population without asthma, oseltamivir treatment reduced illness 
duration by 34.9 hours. In another pooled analysis, oseltamivir treatment started within 24 
hours of onset reduced illness duration significantly more than when started 24–48 hours 
after onset (22.8 vs. 4.4 hours).
Among the ITTi population, there was a 34% reduction in risk of otitis media with 
oseltamivir treatment versus placebo. Although there were fewer cases of lower respiratory 
tract complications >48 hours after starting oseltamivir treatment versus placebo in the ITTi 
population, this difference was not significant. The frequency of hospitalization was too low 
to draw inferences. There was a significantly higher relative risk (RR) of vomiting with 
oseltamivir treatment (RR: 1.63, 95% confidence interval [CI]: 1.30, 2.04), but no increased 
risk of nausea, diarrhea, or severe adverse events, or withdrawal from treatment.
Disagreement exists about the relevant study population of interest in the oseltamivir 
treatment RCTs. Some studies have focused upon all participants with a nonspecific 
influenza-like illness syndrome (ITT population), whereas most studies have considered the 
findings for the ITTi population. Oseltamivir is not known to have any antiviral effects 
against noninfluenza respiratory viruses that can cause influenza-like illness. The 
oseltamivir (TAMIFLU) package insert approved by the FDA states that “There is no 
evidence for efficacy of TAMIFLU in any illness caused by pathogens other than influenza 
viruses [18].” Therefore, reporting of ITT results is biased against finding clinical benefit 
because any treatment effect for influenza virus infection is attenuated by including 
participants who tested negative for influenza. This is illustrated by the meta-analysis 
findings of a greater reduction in illness for the ITTi population (point estimate 17.6 hours) 
versus only 8.4 hours for the ITT population. Furthermore, in the pooled analysis, no effect 
of oseltamivir treatment was found for participants who tested negative for influenza.
The meta-analysis found that the clinical benefit was greatest (except for children with 
asthma) when oseltamivir treatment was started within 24 hours after illness onset, 
highlighting the importance of starting treatment soon after illness onset. There are huge 
challenges to implementing such timely administration of oseltamivir treatment to children 
with influenza. Recent studies in the United States reported that persons who experience 
acute respiratory illness and are at high risk for influenza complications, including young 
children, often do not present to medical care within 2 days of illness onset [19–21]. A 
recent global meta-analysis of observational data for 1747 pediatric outpatients aged <16 
years with comorbidities considered to be at high risk for influenza complications and who 
had laboratory-confirmed influenza A(H1N1)pdm09 virus infection reported that NAI 
treatment (mostly oseltamivir) was associated with reduced odds of hospital admission 
versus no treatment (adjusted odds ratio [OR] 0.25, 95% CI, 0.18–0.34, P < .001) [22]. 
However, in a US study over a 5-year period, only about one-quarter of high-risk children 
who presented within 2 days of illness onset with reverse transcription polymerase chain 
reaction (RT-PCR)-confirmed influenza received a prescription for NAI treatment [22]. This 
indicates a major need for educating parents and clinicians about the importance of early 
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diagnosis and initiation of oseltamivir treatment of influenza in children, but other strategies 
are needed to facilitate early oseltamivir treatment of children with influenza.
The Malosh et al. meta-analysis did not address oseltamivir treatment of children with 
influenza who present >48 hours after illness onset. In a post hoc analysis of participants 
that were enrolled 3 days after illness onset in an RCT conducted among participants 
(median age 5 years) in urban Bangladesh, the duration of major signs or symptoms in those 
treated with oseltamivir was significantly shorter by 1 day compared with placebo [23]. 
Additionally, for participants enrolled 3 days after illness onset, the proportion of patients 
with influenza virus isolated on days 2 and 4 after illness onset was significantly lower in 
those treated with oseltamivir compared with placebo. This suggests that there is still benefit 
of initiating oseltamivir treatment for influenza patients 3 days after illness onset.
It is puzzling why early oseltamivir treatment of influenza would provide benefit to children 
without asthma but not to those with asthma. The authors suggest that the clinical endpoints 
used to assess efficacy in children with underlying respiratory conditions might not be 
sufficient to distinguish the clinical benefit of oseltamivir, and that other objective endpoints 
such as improvement in pulmonary function and virological benefit might be more 
appropriate. In the only published RCT of early oseltamivir treatment in asthmatic children 
aged 6–12 years with laboratory-confirmed influenza, oseltamivir treatment significantly 
improved forced expiratory volume at 1 second versus placebo (10.8% vs. 4.7%, P = .0148) 
and significantly reduced asthma exacerbations up to day 7 (51% vs. 68%, P = .031), 
indicating that oseltamivir treatment provided some clinical benefit [24]. At a minimum, 
more extensive studies with measurable endpoints are needed to assess the impact of 
oseltamivir treatment of influenza in children with asthma.
The biggest gap not addressed by the meta-analysis remains the evidence base for 
oseltamivir treatment of influenza in hospitalized patients. The only published randomized 
placebo-controlled trial of oseltamivir treatment in hospitalized children with influenza was 
terminated early with only 21% of the targeted population enrolled and concern that length 
of hospitalization may have been due at times to nonclinical factors [25]. Some 
observational studies in children and adults hospitalized with influenza have reported 
clinical benefit of early (within 48 hours of illness onset) versus later initiation or treatment 
versus no treatment, but have been criticized for inherent biases [16]. One large pooled 
meta-analysis reported survival benefit of NAI treatment compared with no treatment in 
hospitalized adults with influenza but not in children [26]. However, most influenza-related 
hospitalizations in children are of short duration, and in-hospital mortality is uncommon 
compared with adults. Although oseltamivir is FDA-approved for early treatment of 
uncomplicated influenza in outpatients, the American Academy of Pediatrics and the 
Centers for Disease Control and Prevention also recommend it for treatment of hospitalized 
children of all ages with influenza [27, 28]. Despite these recommendations, antiviral 
treatment of hospitalized children with influenza varies widely. One study reported that 
during 2007–2015, 69% of children hospitalized with influenza at 46 children’s hospitals 
received antiviral treatment (99% oseltamivir), with a range of 38%−83% per hospital [29]. 
Another study reported that antiviral treatment of hospitalized patients with laboratory-
confirmed influenza increased during 2010–2015, and overall 72% of pediatric patients 
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received antiviral treatment, with the largest increase over time in young children aged <1 
year [30].
Perhaps the only way to settle the debate about oseltamivir treatment benefit in hospitalized 
influenza patients is to conduct a large placebo-controlled RCT. Because the duration of 
hospitalization is shorter and in-hospital mortality is low among most children with 
influenza in comparison with adults, different endpoints, outcomes, and numbers of 
estimated participants are needed for studies in children than in adults. However, identifying 
the best endpoints for studies in hospitalized influenza patients remains very challenging 
[31]. Furthermore, such RCTs would likely need to be conducted outside the United States 
because use of placebo could be construed as unethical since oseltamivir treatment is 
recommended for all hospitalized influenza patients in the United States. These studies 
would require collaboration across many clinical sites worldwide for several years to achieve 
the high enrollment needed, would be very costly, and it is unclear who would fund such 
studies. It is doubtful that any placebo-controlled RCTs of oseltamivir treatment in 
hospitalized influenza patients will be implemented because other influenza therapeutics 
with different mechanisms of action than NAIs are in development [32].
Until there are other approved drugs with mechanisms of action different than that of NAIs 
for treatment of influenza, oral oseltamivir will continue to be the most widely available and 
recommended antiviral for early treatment of influenza in outpatients and hospitalized 
pediatric patients. Taken together, the clinical benefits of early oseltamivir treatment of 
influenza reported by Malosh et al., and in observational studies of patients with laboratory-
confirmed influenza, outweigh the risk of vomiting, including in young infants.
References
1. Lafond KE, Nair H, Rasooly MH, et al.; Global Respiratory Hospitalizations—Influenza Proportion 
Positive (GRIPP) Working Group. Global role and burden of influenza in pediatric respiratory 
hospitalizations, 1982–2012: a systematic analysis. PLoS Med 2016; 13:e1001977.
2. Nair H, Brooks WA, Katz M, et al. Global burden of respiratory infections due to seasonal influenza 
in young children: a systematic review and meta-analysis. Lancet 2011; 378:1917–30. [PubMed: 
22078723] 
3. GBD 2015 LRI Collaborators. Estimates of the global, regional, and national morbidity, mortality, 
and aetiologies of lower respiratory tract infections in 195 countries: a systematic analysis for the 
Global Burden of Disease Study 2015. Lancet Infect Dis 2017; 17:1133–61. [PubMed: 28843578] 
4. Iuliano AD, Roguski KM, Chang HH, et al. Estimates of global seasonal influenza-associated 
respiratory mortality: a modelling study (published online Dec 13.). Lancet 2017; 10.1016/
S0140-6736(17)33293-2.
5. Dawood FS, Fiore A, Kamimoto L, et al.; Emerging Infections Program Network. Burden of 
seasonal influenza hospitalization in children, United States, 2003 to 2008. J Pediatr 2010; 157:808–
14. [PubMed: 20580018] 
6. Poehling KA, Edwards KM, Griffin MR, et al. The burden of influenza in young children, 2004–
2009. Pediatrics 2013; 131:207–16. [PubMed: 23296444] 
7. Zhou H, Thompson WW, Viboud CG, et al. Hospitalizations associated with influenza and 
respiratory syncytial virus in the United States, 1993–2008. Clin Infect Dis 2012; 54:1427–36. 
[PubMed: 22495079] 
8. Jules A, Grijalva CG, Zhu Y, et al. Influenza-related hospitalization and ED visits in children less 
than 5 years: 2000–2011. Pediatrics 2015; 135:e66–74. [PubMed: 25489015] 
Uyeki Page 4
Clin Infect Dis. Author manuscript; available in PMC 2019 July 31.
A
uthor M
an
u
script
A
uthor M
an
u
script
A
uthor M
an
u
script
A
uthor M
an
u
script
9. Bhat N, Wright JG, Broder KR, et al.; Influenza Special Investigations Team. Influenza-associated 
deaths among children in the United States, 2003–2004. N Engl J Med 2005; 353:2559–67. 
[PubMed: 16354892] 
10. Wong KK, Jain S, Blanton L, et al. Influenza-associated pediatric deaths in the United States, 
2004–2012. Pediatrics 2013; 132:796–804. [PubMed: 24167165] 
11. Moscona A Neuraminidase inhibitors for influenza. N Engl J Med 2005; 353:1363–73. [PubMed: 
16192481] 
12. Jefferson T, Jones MA, Doshi P, et al. Neuraminidase inhibitors for preventing and treating 
influenza in healthy adults and children. Cochrane Database Syst Rev 2014:CD008965.
13. Wang K, Shun-Shin M, Gill P, Perera R, Harnden A. Neuraminidase inhibitors for preventing and 
treating influenza in children. Cochrane Database Syst Rev 2012; 1:CD002744.
14. Hsu J, Santesso N, Mustafa R, et al. Antivirals for treatment of influenza: a systematic review and 
meta-analysis of observational studies. Ann Intern Med 2012; 156:512–24. [PubMed: 22371849] 
15. Doll MK, Winters N, Boikos C, Kraicer-Melamed H, Gore G, Quach C. Safety and effectiveness of 
neuraminidase inhibitors for influenza treatment, prophylaxis, and outbreak control: a systematic 
review of systematic reviews and/or meta-analyses. J Antimicrob Chemother 2017; 72:2990–3007. 
[PubMed: 28961794] 
16. Hurt AC, Kelly H. Debate regarding oseltamivir use for seasonal and pandemic influenza. Emerg 
Infect Dis 2016; 22:949–55. [PubMed: 27191818] 
17. Malosh RE, Martin ET, Heikkinen T, Brooks WA, Whitley RJ, Monto AS. Efficacy and safety of 
oseltamivir in children: systematic review and individual patient data meta-analysis of randomized 
controlled trials. Clin Infect Dis 2018;66:1492–1500 [PubMed: 29186364] 
18. Oseltamivir (TAMIFLU) package inert. Available at: https://www.accessdata.fda.gov/
drugsatfda_docs/label/2016/021087s068,021246s051lbl.pdf. Accessed 18 December 2017.
19. Havers F, Thaker S, Clippard JR, et al. Use of influenza antiviral agents by ambulatory care 
clinicians during the 2012–2013 influenza season. Clin Infect Dis 2014; 59:774–82. [PubMed: 
25034419] 
20. Havers F, Flannery B, Clippard JR, et al. Use of influenza antiviral medications among outpatients 
at high risk for influenza-associated complications during the 2013–2014 influenza season. Clin 
Infect Dis 2015; 60:1677–80. [PubMed: 25722198] 
21. Stewart RJ, Flannery B, Chung JR, et al. Influenza antiviral prescribing for outpatients with an 
acute respiratory illness and at high risk for influenza-associated complications during five 
influenza seasons-United States, 2011–2016. Clin Infect Dis 2018; 66:1035–1041. [PubMed: 
29069334] 
22. Venkatesan S, Myles PR, Leonardi-Bee J, et al. Impact of outpatient neuraminidase inhibitor 
treatment in patients infected with influenza A(H1N1)pdm09 at high risk of hospitalization: an 
individual participant data metaanalysis. Clin Infect Dis 2017; 64:1328–34. [PubMed: 28199524] 
23. Fry AM, Goswami D, Nahar K, et al. Efficacy of oseltamivir treatment started within 5 days of 
symptom onset to reduce influenza illness duration and virus shedding in an urban setting in 
Bangladesh: a randomised placebo-controlled trial. Lancet Infect Dis 2014; 14:109–18. [PubMed: 
24268590] 
24. Johnston SL, Ferrero F, Garcia ML, Dutkowski R. Oral oseltamivir improves pulmonary function 
and reduces exacerbation frequency for influenza-infected children with asthma. Pediatr Infect Dis 
J 2005; 24:225–32. [PubMed: 15750458] 
25. Dawood FS, Jara J, Gonzalez R, et al. A randomized, double-blind, placebo-controlled trial 
evaluating the safety of early oseltamivir treatment among children 0–9 years of age hospitalized 
with influenza in El Salvador and Panama. Antiviral Res 2016; 133:85–94. [PubMed: 27451343] 
26. Muthuri SG, Venkatesan S, Myles PR, et al.; PRIDE Consortium Investigators. Effectiveness of 
neuraminidase inhibitors in reducing mortality in patients admitted to hospital with influenza A 
H1N1pdm09 virus infection: a meta-analysis of individual participant data. Lancet Respir Med 
2014; 2:395–404. [PubMed: 24815805] 
27. Committee on Infectious Diseases. Recommendations for Prevention and Control of Influenza in 
Children, 2017–2018. Pediatrics 2017; 140:e20172550.
Uyeki Page 5
Clin Infect Dis. Author manuscript; available in PMC 2019 July 31.
A
uthor M
an
u
script
A
uthor M
an
u
script
A
uthor M
an
u
script
A
uthor M
an
u
script
28. Centers for Disease Control and Prevention. Influenza Antiviral Medications: Summary for 
Clinicians. Available at: https://www.cdc.gov/flu/professionals/antivirals/summary-clinicians.htm. 
Accessed 18 December 2017.
29. Stockmann C, Byington CL, Pavia AT, et al. Limited and variable use of antivirals for children 
hospitalized with influenza. JAMA Pediatr 2017; 171:299–301. [PubMed: 28114638] 
30. Appiah GD, Chaves SS, Kirley PD, et al. Increased antiviral treatment among hospitalized children 
and adults with laboratory-confirmed influenza, 2010–2015. Clin Infect Dis 2017; 64:364–7. 
[PubMed: 28013261] 
31. Ison MG, de Jong MD, Gilligan KJ, et al. End points for testing influenza antiviral treatments for 
patients at high risk of severe and life-threatening disease. J Infect Dis 2010; 201:1654–62. 
[PubMed: 20423224] 
32. Koszalka P, Tilmanis D, Hurt AC. Influenza antivirals currently in late-phase clinical trial. 
Influenza Other Respir Viruses 2017; 11:240–6. [PubMed: 28146320] 
Uyeki Page 6
Clin Infect Dis. Author manuscript; available in PMC 2019 July 31.
A
uthor M
an
u
script
A
uthor M
an
u
script
A
uthor M
an
u
script
A
uthor M
an
u
script
